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INTRODUCTION 


The low voltage inhibit (LVI) option, as used with many of 
the M6805 HMOS Family Microcomputer (MCU) devices 
(EPROM MCUs excluded), provides a means for the MCU 
to sense a drop in supply voltage (VCC) and then shut itself 
down in a well-defined manner. The LVI option may be used 
in applications which require the correct-output during nor- 
mal operation and no-output during loss of power. The LVI 
option is also useful in fail-safe and/or fall-back operating 
modes for minimum systems operation. 

An example of this no-output control scheme is in height- 
positioning applications. With correct-output control signals 
from the MCU, the position of ‘‘cherry-picker’’ platforms 
could be controlled and maintained. With inadvertant loss of 
power due to power supply/battery deterioration and/or 
cable disconnects, the no-output signal would permit locking 
methods to be initiated within microseconds. This would 
allow the ‘‘cherry-picker’’ to maintain its “‘last position’’ 
(thus preventing disasterous falls for personnel or on-board 
equipment) or to start a predetermined (hydraulic self- 
locking or hydraulic bleed-off valves) controlled descent. 
This LVI capability of transition from correct-output to no- 
output (i.e., high-Z, 3-state) without an intermediate uncon- 
trolled region is defined in the On-Chip Operation 
paragraph. 

Another example of this correct-output usefulness is in 
starter-controls of multi-horsepower electric motors. During 
normal power transitions, the controller signals will start up 
the motor at prescribed voltage and current versus time rela- 
tionships, and maintain specified shaft RPM and shaft out- 
put power afterwards. At low power conditions (i.e., 
brownout), the electric current required to maintain this 
same motor-rpm and shaft output, power increases propor- 
tional to the voltage decrease; e.g., a 20% drop in powerline 
voltage causes an equivalent 20% increase in motor current. 
This 20% increase in motor current produces a 44% increase 
in internal I2R loss. The internal I2R loss may cause the 
motor to overheat or even burn out. The M6805 HMOS 





MCU can detect this ‘““brownout’’ (low voltage) condition 
and immediately place the MCU output control lines (nor- 
mally used to turn on the motor controller) in the high- 
impedance state. Bipolar driver devices with built-in pull- 
down resistors are usually used in these applications to turn 
themselves off when the control input is open-circuited. 
Restart can be then prohibited until normal power conditions 
return and the original current versus time relationships are 
reestablished, within the controller. 

The LVI option is provided at the time of manufacture by 
on-chip circuitry, as a mask option, contained in part of the 
users ROM pattern. When the LVI option is provided, no 
additional external parts are required for normal operation. 
The LVI option will usually provide for an overall product 
cost reduction by eliminating the external components re- 
quired to implement this feature off-chip. 


ON-CHIP RESET/LVI OPERATION 


A simplified equivalent of the internal reset and LVI cir- 
cuitry is shown in Figure 1. The circuit consists of three basic 
sections: (1) internal reset generator, (2) an internal Schmitt 
trigger which is externally activated, plus bias circuits, clamp- 
ing diodes and current limiting, and (3) a low voltage detec- 
tor with gating logic. 


LVI DISABLED 


Without the LVI option (i.e., LVI disabled), the internal 
reset generator is only actuated by the external RESET pin 
via the Schmitt trigger. In this case during power-on reset 
(POR), external capacitor Cr (0.1 to 1.0 microfarad) is 
charged through an on-chip resistor (Rc) and the current 
source from Vcc. When the RESET pin voltage rises to the 
Schmitt trigger positive threshold (VIRES+), the on-chip 
reset generator allows the CPU to begin executing from 
ROM. The RC delay (tRH]_) allows the on-chip oscillator to 
stabilize prior to start of program execution. During normal 
power turn-off, the on-chip reset generator is actuated by the 
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FIGURE 1 — M6805 HMOS Family LVI Simplified Schematic Diagram 


Schmitt trigger after the decreasing voltage on the RESET 
pin falls to the negative threshold voltage (VIRFs — ). The in- 
dividual M6805 HMOS Family data sheet and Figure 2 (of 
this application note) contain information concerning the 
reset and LVI timing waveforms, and Vcc voltage spectrum. 


LVI ENABLED 


With the LVI mask option (i.e., LVI enabled), the power- 
on sequence is exactly the same as described above. How- 
ever, in the power-down condition (resulting from normal 
power turn off, brownout, or voltage ‘‘dip’’), the on-chip 
reset generator is triggered by the low voltage detector before 
power falls below the reset level. In this case (as shown in 
Figure 1), the second input to the reset generator OR gate 
becomes functional and the low voltage detect circuit causes 
a reset at a voltage point (V]_v]) prior to the RESET pin 


reaching the Schmitt trigger VIRRS — threshold. The only re- 
quirement is that Vj vy] remains at its threshold for one tey¢ 
(minimum). In typical applications, the Vcc bus filter 
capacitor will eliminate negative-going voltage glitches of less 
than one teyce. Once the Viv] threshold is reached for one 
teyc, the low voltage detect circuit outputs a logic 1 which is 
gated to the on-chip reset generator, resetting the CPU 
within the next teye period. 

Simultaneous to the activation of the on-chip reset 
generator, the low voltage detector turns on the internal Ron 
device. With the Ron device turned on, the external reset 
capacitor discharges through internal current limiter Rp and 
continues until the RESET pin voltage falls below the mini- 
mum reset voltage, holding the CPU in reset. This condition 
remains until recovery of VCc, at which time normal power- 
on reset resumes. 
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(b) Vcc Voltage Spectrum Diagram 


FIGURE 2 — M6805 HMOS Family Reset/LVI Timing and 
Vcc Voltage Spectrum Diagrams 





- 


LVI TESTING 


Figure 3 shows an LVI test circuit connection for the 
MC6805P4L1 (or P1). Similar connections for other M6805 
HMOS Family MCUs could be made to corresponding pins 
for LVI testing. This circuit, together with the software in 
Figure 4, is used to determine the Vj yj and V]_vR for the 
MCU under test. 

Figure 4 is the test pattern (TEST P) software routine to be 
entered into RAM in order to generate a continuous output 
square wave on the PBO pin. By utilizing the on-chip monitor 
capability of the MC6805P4L1 demonstration program, the 
TEST P program can be loaded into on-chip RAM via an 
RS-232-C terminal. This connection is shown schematically 
in Figure 3. In typical lab applications, the 15 k pullup 
resistor is adequate to provide the required operating fre- 
quency. Alternatively, an adjustable resistor may be used to 
set the frequency at 3.58 MHz. _ 

In order to activate the LVI state, the supply voltage 
(VCC) must drop below V]_ vy] and remain there for one toyc 
(internal clock period) plus 250 nanoseconds. The M6805 
HMOS Family Vcc voltage spectrum is shown in Figure 2b. 
To determine the V]_ vy] trip point, reduce the Vcc from the 


normal value (5.25 Vdc) to the point where the TEST P 
square wave disappears (i.e., PBO switches to high im- 
pedance). This is the Vj vy] value for this particular device. 
When VL vy] is attained by reducing Vcc, the three-state 
leakage current (ITs]) can then be measured to check that all 
I/O port pins are in the high-impedance state. 

Increase VCc in small increments (10-100 millivolt steps) 
and reinitiate the test pattern TEST P by keying the Execute 
address $040 into the RS-232-C terminal. This determines the 
VLVR value for the device being tested. (Note that the TEST 
P program will be retained in the on-chip RAM at the V]_yj 
voltage level.) 


TYPICAL APPLICATION 


A circuit that can be used to directly control a Darlington 
bipolar solenoid driver is shown in Figure 5. The 
MC680S5P4L1 was chosen for the circuit because of its larger 
RAM area (112 bytes versus 64 bytes on other masked ROM 
devices). As shown in this figure, the port B (PBO) high cur- 
rent drive capability is used for this circuit. When the LVI 
capability is utilized, the solenoid immediately turns off with 
loss of power or brownout condition. 
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FIGURE 3 — MC6805P4 LVI Test Circuit Schematic Diagram 
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FIGURE 4 — Test Pattern Routine (TEST P) 
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FIGURE 5 — MC6805P4 With Darlington Connected Solenoid Driver 





Software to control the solenoid (via port B, PBO) is shown 
in Figure 6. This software routine may be entered into on- 
chip RAM via the RS-232-C terminal with the MC6805P4L1 
in the monitor mode. The on-time of the solenoid (Allied 
Controls #306X-32) is set by the value entered (by the RS- 
232-C terminal) in RAM location $04F. The on/off times for 
this particular solenoid and software timing loops are shown 
below. 


$04F = 04; 9.6 ms/9.6 ms 
= QF; 36 ms/36 ms 
= 4F; 188 ms/188 ms 


= FF; 620 ms/620 ms 


The minimum on/off time of the solenoid shown in Figure 
5 is 13 milliseconds. The 9.6 millisecond value (RAM 
$04F = 04 in Figure 6) only caused the solenoid to chatter; 
therefore, a higher hexadecimal value may be required in 
location $04F. 


MONITOR SOFTWARE 


A listing of the monitor (and self-check) program in the 
MC6805P4L1 (P1) is attached to this application note. This 
monitor program permits selection (via switch positions) of 


four baud rates which allows the user to enter and execute 
small software programs directly from on-chip RAM, as is 
done in this application note. 


PORT I/O CHARACTERISTICS WITH LVI OPTION 


The device operates successfully down to the V]_ vj] thres- 
hold. During a lowering of Vcc voltage, due to a brownout 
condition of electrical power or other reason, the LVI option 
provides the user with reduced drive capability but a stable 
port configuration. A discussion of these characteristics is 
provided below. 

The LVI threshold range may be between +2.7 V and 
+4.7 Vdc. The exact level could be determined as described 
above for the LVI Testing. Between the range of +4.7 Vdc 
and the actual Vy] vj voltage, each I/O port configuration re- 
mains as programmed. However, the drive capabilities (as a 
percentage of the specified port dc electrical characteristics) 
between the 4.7 Vdc and the actual Vj] vy] voltage are as 
follows: 

(1) ILOAD Sink — 100% of specified current sinking cap- 
ability for ports A and C, and 50% of specified sinking 
capability for port B. 

(2) ILOAD Source — 0% of specified drive current. That 
is, do not depend upon the M6805 HMOS Family 
MCU to source current below the lower Vcc limit of 
+4.75 Vdc. 
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FIGURE 6 — Software Listing for Controlling Solenoid via PBO 
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MC6805 P 4 hk OM PAT TERN 


THIS ROM CONTAINS A CUSTOMER PROGRAM, THE STANDBY MONITOR 
AND A NEW VERSION OF THE SELFCHECK. THE CUSTOMER ROM 
OCCUPIES S80-SFF AND $3C0O-$5D8. THIS LEAVES $5D9-5783 
FOR THE MONITOR. MOST OF THE MONITOR COMMANDS HAVE BEEN 
DELETED TO MAKE IT FIT WITHIN THIS AREA. THE SELFCHECK 
IS DIFFERENT FROM THE P2 PATTERN SINCE THERE IS MORE RAM 


ON THIS PART. THE OLD P2 SELFCHECK. WAS VERY “TIGHTLY 
CODED AND DEPENDED ON THERE BEING EXACTLY 64 BYTES OF 
RAM. THE P4 HAS 112 BYTES OF RAM AND REQUIRES A NEW 


TEST. THIS MESSES THINGS UP SOMEWHAT SINCE THE SAME GOOD 
TEST CANNOT BE APPLIED TO THE P4. 


THE MONITOR IS SELECTED WHEN BIT 7 OF PORT BIS HIGH 
DURING RESET. OTHERWISE, THE CUSTOMER PROGRAM WILL BE 
SELECTED. THE MONITOR MODE IS AN ENHANCED VERSION OF THE 
ORIGINAL P2 VERSION. 


SERIAL I/O IS HANDLED ON PORT C. BIT 3 IS THE SERIAL 
OUTPUT LINE AND BIT 2 IS THE SERIAL INPUT LINE. THE 
LOWER TWO BITS OF PORT C SELECT THE BAUD RATE FOR ALL 


SERIAL I/O. 
Gl <Co0 BIT RATE/SEC 


0 0 300 

0 1 1200 

a 0 4800 

i 1 9600 

ED RUPP MAY 11,1981 

I/O REGISTER ADDRESSES 
EQU SOOO I/O PORT O 
EQU $001 T/O PORT 1 
EFQU - $002 T/O PORT 2 
EQU 4 DATA DIRECTION REGISTER OFFSET 
EQU $008 8-BIT TIMER REGISTER 
EQU $009 TIMER CONTROL REGISTER 
EQU $010 START OF ON-CHIP RAM AREA 
EQU $080 START OF PAGE ZERO ROM 
EQU $3c0 START OF MAIN ROM AREA 
EQU $800 MEMORY ADDRESS SPACE SIZE 
EQU S$5D9 START OF MONITOR 
EQU $5B3 ENTRY POINT TO CUSTOMER PROGRAM 


CHARACTER CONSTANTS 


EQU SOD CARRIAGE RETURN 
EQU SOA LINE FEED 

EQU $20 BLANK 

EQU $SO7 CONTROL-G (BELL) 
EQU $00 END OF STRING 
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0000 
0000 
0000 
0000 


0000 
0000 


0000 


0010 
0014 
OO15 
0016 
0017 


0018 


O5D9 
O5DC 
O5DE 
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O5E6 
O5E9 
O5EB 
O5ED 
O5EF 
OSF) 
O5F3 
O5F6 


00 
00 
00 
00 


00 
00 


CD 
Ao 
CD 
CD 
A4 
CD 
Al 
27 
Al 
a7 
A6 
CD 
20 


2E 
OD 
5E 
2E 


7F 
7A 


06 
2E 
O07 
06 
7F 
06 
45 
OB 
4D 
ee 


O07 
El 


MONIT 


Bl 


28 
F6 


BE 


28 


+ + FF FF FH HF FH F HF HK HF HF HF F KF SK 


+ 


PROMPT 


FWD 
BACK 
SAME 
* 


* 
* 


IN EES? 


STACK 
* 


MAIN 


R OM M Ooh. 1 OR “POR: THE 


THE MONITOR HAS THE FOLLOWING COMMANDS: 


M -- MEMORY EXAMINE/CHANGE. 


TYPE M AAA TO BEGIN, 


THEN TYPE: .« -= TO RE-EXAMINE CURRENT 
© -- TO EXAMINE PREVIOUS 
CR -- TO EXAMINE. NEXT 
DD -- NEW DATA 


ANYTHING ELSE EXITS MEMORY COMMAND. 


E -- EXECUTE FROM ADDRESS. FORMAT IS 


E AAA. AAA IS ANY VALID MEMORY ADDRESS. 
SPECIAL EQUATES 


EQU ; PROMPT CHARACTER 


EQU CR GO TO NEXT BYTE 

EQU ‘© GO TO PREVIOUS BYTE 

EQU . RE-EXAMINE SAME BYTE 

OTHER 

EQU S7F INITIAL STACK POINTER VALUE 
EQU INITSP-5 TOP OF STACK 


RAM VARIABLES 


ON-CHIP RAM (64 BYTES) 


ORG RAM 

RMB 4 NO-MANS LAND, SEE PICK AND DROP SUBROUTINES 
RMB 1 ACCA TEMP FOR GETC,PUTC 

RMB 1 IX TEMP FOR -GETC, PUTC 

RMB 1 CURRENT INPUT/OUTPUT CHARACTER 
RMB 1 NUMBER OF BITS LEFT TO GET/SEND 
ORG MONST 

MAIN -~- PRINT PROMPT AND DECODE COMMANDS 

JSR CRLF GO TO NEXT LINE 

LDA #PROMPT 

JSR PUTC PRINT THE PROMPT 

JSR GETC GET THE COMMAND CHARACTER 

AND #%1111111 MASK PARITY 

JSR PUTS PRINT SPACE (WON'T DESTROY A) 
CMP #'E EXECUTE 

BEQ EXEC 

CMP #'M MEMORY 

BEQ MEMORY 

LDA #'? NONE OF THE ABOVE 

JSR PUTC 

BRA MAIN LOOP AROUND 


6805 P 4 
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* EXEC --- EXECUTE FROM GIVEN ADDRESS 
* 
O5F8 CD 06 D8 EXEC JSR GETNYB GET HIGH NYBBLE 
O5FB 25 DC BCS MAIN BAD DIGIT 
O5FD 97 TAX SAVE FOR A SECOND 
O5FE CD 06 C7 JSR GETBYT NOW THE LOW BYTE 
0601 25 D6 BCS MAIN BAD ADDRESS 
0603 B7 7F STA STACK+5 PROGRAM COUNTER LOW 
0605 BF 7E STX STACK+4 PROGRAM COUNTER HIGH 
0607 80 RTI 
* 
* MEMORY --- MEMORY EXAMINE/CHANGE 
* 
0608 CD 06 D8 MEMORY JSR GETNYB BUILD ADDRESS 
O60B 25 CC BCS MAIN BAD HEX CHARACTER 
O060D B7 11 STA GET+1 
O60F CD 06 C7 JSR GETBYT 
0612 25 C5 BCS MAIN BAD HEX CHARACTER 
0614 B7 12 STA GET+2 ADDRESS IS NOW IN GET+1&2 
0616 CD 06 Bl MEM2 JSR CRLF BEGIN NEW LINE 
0619 B6 11 LDA GET+1 PRINT CURRENT LOCATION 
061B CD 06 AO JSR PUTNYB 
O61E B6 12 LDA GET+2 
0620 CD 06 93 JSR PUTBYT 
0623 CD 06 BE JSR PUTS A BLANK, THEN 
0626 AD 33 BSR PICK GET THAT BYTE 
0628 CD 06 93 JSR PUTBYT AND PRINT IT 
062B CD 06 BE JSR PUTS ANOTHER BLANK, 
062E CD 06 C7 JSR GETBYT TRY TO GET A BYTE 
0631 25 06 BCS MEM3 MIGHT BE A SPECIAL CHARACTER 
0633 AD 2c BSR DROP OTHERWISE, PUT IT AND CONTINUE 
0635 AD 3A MEM4 BSR BUMP GO TO NEXT ADDRESS 
0637 20 DD BRA MEM2 AND REPEAT 
0639 Al 2E MEM3 CMP #SAME § RE-EXAMINE SAME? 
063B 27 D9 BEQ MEM2 YES, RETURN WITHOUT BUMPING 
063D Al OD CMP #FWD GO TO NEXT? 
O63F 27 F4 BEQ MEM4 YES, BUMP THEN LOOP 
0641 Al 5E CMP #BACK GO BACK ONE BYTE? 
0643 26 94 BNE MAIN NO, EXIT MEMORY COMMAND 
0645 3A 12 DEC GET+2 | DECREMENT LOW BYTE 
0647 B6 12 LDA GET+2 CHECK FOR UNDERFLOW 
0649 Al FF CMP #SFF 
064B 26 C9 BNE MEM2 NO UNDERFLOW 
064D 3A 11 DEC GET+1 
O64F B6 ll LDA GET+1 | SAME FOR HIGH NYBBLE 
0651 Al FF CMP #SFF 
0653 26 Cl BNE MEM2 TO WRAP AROUND 
0655 A6 07 LDA #$7 HIGHEST ADDRESS IS $7FF 
0657 B7 11 STA GET+1 
0659 20 BB BRA MEM2 
* 
* UTILITIES 
* 
* PICK --- GET BYTE FROM ANYWHERE IN MEMORY 
* THIS IS A HORRIBLE ROUTINE (NOT MERELY 
* SELF-MODIFYING, BUT SELF-CREATING) 
* 
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* GET4+1&2 POINT TO ADDRESS TO READ, 
* BYTE IS RETURNED IN A — 
* X IS UNCHANGED AT EXIT 
* 
| O65B BF 15 PICK STX XTEMP SAVE X 
O65D AE D6 LDX #SD6 D6=LDA 2—BYTE INDEXED 
O65F 20 04 BRA COMMON 
* 
* 
* DROP --- PUT BYTE TO ANY MEMORY LOCATION. 
* HAS THE SAME UNDESIRABLE PROPERTIES 
* AS PICK 
* A HAS BYTE TO STORE, AND GET+1&2 POINTS 
* TO LOCATION TO STORE 
* A AND X UNCHANGED AT EXIT 
* 
0661 BF 15 DROP STX XTEMP SAVE X 
0663 AE D7 LDX #SD7 D7=STA 2-BYTE INDEXED 
* 
* 
0665 BF 10 COMMON STX GET PUT OPCODE IN PLACE 
0667 AE 81 LDX #$81 81=RTS 
0669 BF 13 STX GET+3 NOW THE RETURN 
O66B 5F CIRX WE WANT ZERO OFFSET name 
O66C BD 10 JSR GET EXECUTE THIS MESS 
O66E BE 15 LDX XTEMP RESTORE X 
0670 81 RTS AND EXIT 
* 
* BUMP -—--— ADD ONE TO CURRENT MEMORY POINTER 
* 
* A AND X UNCHANGED 
* 
0671 3c 12 BUMP INC GET+2 INCREMENT LOW BYTE 
0673 26 G2 BNE BUMP2 NON-ZERO MEANS NO CARRY 
0675 3c ll INC GET+1 INCREMENT HIGH NYBBLE 
0677 81 BUMP2 RTS 
* Meo 
* 
* OUT3HS --- PRINT WORD POINTED TO AS AN ADDRESS, BUMP POINTER 
* X IS UNCHANGED AT EXIT 
* 
0678 AD El OUT3HS BSR PICK GET HIGH NYBBLE 
O67A A4 O07 AND #2111 MASK UNUSED BITS 
O67C AD 22 BSR PUTNYB AND PRINT IT 
O67E AD Fl BSR BUMP GO TO NEXT ADDRESS 
* 
* OUT2HS ---— PRINT BYTE POINTED TO, THEN A SPACE. BUMP POINTER 
* X IS UNCHANGED AT EXIT 
* 
O680 AD D9 OUT2HS BSR PICK GET THE BYTE = 
0682 B7 10 STA GET SAVE A 
0684 44 LSRA 
0685 44 LSRA 
0686 44 LSRA 
0687 44 LSRA SHIFT HIGH TO LOW 
0688 AD 16 BSR PUTNYB 
O68A B6 10 LDA GET 
O68C AD 12 BSR PUTNYB 


10 


0693 
0695 
0696 
0697 
0698 
0699 
O69B 
069D 
O69F 


O6A0 
O6A2 
O6A4 
O6A6 
O6A8 
O6AA 
O6AC 
O6AE 
O6BO 


O6Bl 
O6B3 
O6B5 
O6B7 
O6B9 
O6BB 
O6BD 


O6BE 
06CO 
06C2 
06C4 
06C6 


005 


AD 
AD 
81 


B7 
44 
AA 
44 
A4 
AD 
B6 
AD 
81 


B7 
A4 
AB 
Al 
23 
AB 
AD 
Bo 
81 


Be 
A6é 
AD 
Ao 
AD 
Bo 
owl 


B7 
A6 


B6 
Bl 


op 
20 


10 


05 
10 
Ol 


13 
OF 
30 
39 


07 
7A 
3 


10 
OD 
71 
OA 
6D 
10 


10 
20 
64 
10 


PUTBYT 


+ FF & 


PUTNYB 


PUTNY2 


+ + t+ 


CRLF 


+ + * + 


PUTS 


+ + £ F FF F HF F 


BSR GO TO NEXT 
BSR FINISH UP WITH A BLANK 
RTS 


PUTBYT --—- PRINT A IN HEX 
A AND X UNCHANGED 





STA GET SAVE A 

LSRA 

LSRA 

LSRA 

LSRA SHIFT HIGH NYBBLE DOWN 
BSR PUTNYB PRINT IT 

LDA GE 

BSR PUTNYB PRINT LOW NYBBLE 

RTS 

PUTNYB =--- PRINT LOWER NYBBLE OF A IN HEX 


A AND X UNCHANGED, HIGH NYBBLE 
OF A IS IGNORED. 


STA GET+3 SAVE A IN YET ANOTHER TEMP 

AND #SF MASK OFF HIGH NYBBLE 

ADD #'O ADD ASCII ZERO 

CMP #'9 CHECK FOR A-F 

BLS PUL Y2 

ADD #'A-'9-1 ADJUSTMENT FOR HEX A-F 

BSR PUTS 

LDA GET+3 RESTORE A 

RTS 

CRLF --- PRINT CARRIAGE RETURN, LINE FEED 
A AND X UNCHANGED 

STA GET SAVE 

LDA #CR 

BSR PUTC 

LDA #LF 

BSR waar aC Hl 

LDA GET RESTORE 

RTS 

PUTS --- PRINT A BLANK (SPACE) 
A AND X UNCHANGED 

STA GET SAVE 

LDA #BL 

BSR PUTS 

LDA GET RESTORE 

RTS 

GETBYT --- GET A HEX BYTE FROM TERMINAL 


A GETS THE BYTE TYPED IF IT WAS A VALID HEX NUMBER, 
OTHERWISE A GETS THE LAST CHARACTER TYPED. THE C-BIT IS 
SET ON NON-HEX CHARACTERS; CLEARED OTHERWISE. Xx 
UNCHANGED IN ANY CASE. 
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O06C7 AD OF GETBYT BSR GETNYB BUILD BYTE FROM 2 NYBBLES 
06C9 25 OC BCS NOBYT BAD CHARACTER IN INPUT 
O6CB 48 ASLA 
O6cc 48 ASLA 
O6CD 48 ASLA 
O6CE 48 ASLA SHIFT NYBBLE TO HIGH NYBBLE 
O6CF B7 10 STA GET SAVE IT 
O6D1 AD 05 BSR GETNYB GET LOW NYBBLE NOW 
06D3 25 02 BCS NOBYT BAD CHARACTER 
O6D5 BB 10 ADD GET C-BIT CLEARED 
O6D7 81 NOBYT RTS 
* 
x GETNYB --- GET HEX NYBBLE FROM TERMINAL 
* 
* A GETS THE NYBBLE TYPED IF IT WAS IN THE RANGE O-F, 
* OTHERWISE A GETS THE CHARACTER TYPED. THE C-BIT IS SET 
* ON NON-HEX CHARACTERS; CLEARED OTHERWISE. x Is 
* UNCHANGED. 
* 
O6D8 AD 1C GETNYB BSR GETC GET THE CHARACTER 
O6DA A4 7F AND #%1111111 MASK PARITY 
O6DC B7 13 STA GET+3 SAVE IT JUST IN CASE 
O6DE AO 30 SUB #'O SUBTRACT ASCII ZERO 
O6EO 2B 10 BMI NOTHEX WAS LESS THAN 'O' 
O6E2 Al 09 CMP #9 
O6E4 23 OA BLS GOTIT 
O6E6 AO 07 SUB #'A-'9-1 FUNNY ADJUSTMENT 
O6E8 Al OF CMP #SF TOO BIG? 
O6EA 22 06 BHI NOTHEX WAS GREATER THAN 'F' 
O6EC Al 09 CMP #9 CHECK BETWEEN 9 AND A 
O6EE 23 02 BLS NOTHEX 
O6FO 98 GOTIT CLC C=0 MEANS GOOD HEX CHAR 
O6F1 81 RTS i 
O6F2 B6é 13 NOTHEX LDA GET+3 GET SAVED CHARACTER 
O6F4 99 SEC 
O6F5 81 RTS RETURN WITH ERROR 
* 
* SERIAL I /o ROUTINES 
* 
* DEFINITION OF SERIAL I/O LINES 
* 
O6F6 00 02 PUT EQU PORTC SERIAL I/O PORT 
O6F6 00 02 IN EQU 2 SERIAL INPUT LINE# 
O6F6 00 03 OUT EQU 3 SERIAL OUTPUT LINE# 
* 
* GETC ~-- GET A CHARACTER FROM THE TERMINAL 
* 
* A GETS THE CHARACTER TYPED, X IS UNCHANGED. 
* 
* INTERRUPTS ARE MASKED ON ENTRY 
* AND UNMASKED ON EXIT. 
* 
O6F6 BF 15 GETC STX XTEMP SAVE X 
O6F8 A6 08 LDA #8 NUMBER OF BITS TO READ 
O6FA B7 17 STA COUNT 
O6FC 04 02 FD GETC4 BRSET £N,PUT,GETC4 WAIT FOR HILO TRANSITION 
* 
- DELAY 1/2 BIT TIME 
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OOFF 
0701 
0703 
0704 
0707 
0709 
070A 
070C 
070D 
O070E 


O710 
O73 
0714 


0715 
0717 
O71A 
O71LB 
O071D 
O7LF 


OFZ 
0723 
OF25 


O727 


0728 
O72A 
072C 
O72E 
0730 
O:7:3:2 
0733 
0734 
0735 


O737 
0739 
073B 
073D 
O73F 
0741 
0743 


007 


B6 
A4 
97 
DE 
A6 
4A 
26 
4D 
5A 
26 


04 
7D 
7D 


AD 
05 
7D 
36 
3A 
26 


AD 
B6é 
BE 


egle 


B7 
B7 
BF 
Ao 
B7 
5F 
98 
OB, 
20 


36 
24 
16 


7 
20 
DD 


MONIT 


02 
03 


O7 6D 
04 


FD 


Bi 


O02 E9 


3E 
02 00 


16 
LF 
F4 


32 
16 
15 


16 
14 
abs) 
09 
17 


GETC3 
GETC2 


+ 


GETC7 


GETC6 


+ 


+ FF et HF OF 


PULC 


PUTCS 
PUTC2 


PUTECS 


PUTC4 


LDA 
AND 
TAX 
LDX 
LDA 


DECA 


BNE 
TSTA 
DECX 
BNE 


PUT 
#311 


GET CURRENT BAUD RATE 


DELAYS,X GET LOOP CONSTANT 


#4 


GETC2 


GETC3 


LOOP PAD 


MAJOR LOOP TEST 


NOW WE SHOULD BE IN THE MIDDLE OF THE START BIT 


BRSET 
TST 
Ts? 


IN, PUT, GETC4 FALSE START BIT TEST 


1X 
7X 


MORE TIMING DELAYS 


MAIN LOOP FOR GETC 


BSR DELAY COMMON DELAY ROUTINE 

BRCLR IN, PUT, GETC6 TEST INPUT AND SET C-BIT 
oe xX TIMING FQUALIZER 

ROR CHAR ADD THIS: BIT TO. THRE: BYTE 
DEC COUNT 

BNE CELGT] STILL MORE BITS TO GET(SEE?) 
BSR DELAY WAIT OUT THE 9TH BIT 

LDA CHAR GET ASSEMBLED BYTE 

LDX XTEMP RESTORE X 

RTS AND RETURN 

PUTC --- PRINT A ON THE TERMINAL 


X AND A UNCHANGED 


SAME GAMES ARE PLAYED WITH THE I-BIT AS IN GETC 


STA 
STA 
STX 
LDA 
STA 
CLRX 
CLC 
SEI 
BRA 


CHAR 
ATEMP 
XT EMP 
#9 

COUNT 


PUTC2 


SAVE IT IN BOTH PLACES 

DON'T FORGET ABOUT X 

GOING TO PUT OUT 

9 BLUS “THis. “TIME 

FOR VERY OBSCURE REASONS 

THIS IS THE START BIT 

MASK INTERRUPTS WHILE SENDING 
JUMP IN THE MIDDLE OF THINGS 


MAIN LOOP FOR PUTC 


ROR 
BCC 
BSET 
BRA 
BCLIR 
BRA 
JSR 


CHAR 
PUTCS 


OUT, PUT 


PUTC4 


OUT, PUT 


PUTC4 


GET NEXT BIT FROM MEMORY 
NOW SET OR CLEAR PORT BIT 


EQUALIZE TIMING AGAIN 


DELAY,X MUST BE 2-BYTE INDEXED JSR 
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* THIS IS WHY X MUST BE ZERO 
0746 3A 17 DEC COUNT 
0748 26 ED BNE PUTCS5 STILL MORE BITS 
O74A 14 02 BSET IN, PUT 7 CYCLE DELAY 
074cC 16 02 BSET OUT, PUT SEND STOP BIT 
* 
O74E AD 05 BSR DELAY DELAY FOR THE STOP BIT 
0750 BE 15 LDX XTEMP RESTORE X AND 
0752 B6 14 LDA ATEMP OF COURSE A 
0754 81 RTS | 
* 
* DELAY --- PRECISE DELAY FOR GETC/PUTC 
* 
0755 B6 02 DELAY LDA PUT FIRST, FIND OUT 
0757 A4 03 AND #Z11 WHAT THE BAUD RATE IS 
0759 97 TAX 
O75A DE 07 6D LDX DELAYS,X LOOP CONSTANT FROM TABLE 
O075D A6 F8 LDA #SF8 FUNNY ADJUSTMENT FOR SUBROUTINE OVERHEAD 
O75F AB 09 DEL3 ADD #509 ” 
0761 4A DEL2 DECA 
0762 26 FD BNE DEL2 
0764 5D TSTX LOOP PADDING 
0765 14 02 BSET IN; PUT “BITToO 
0767 5A DECX 
0768 26 F5 BNE DEL3 MAIN LOOP 
O76A A6 OO LDA #0 FINAL TINY DELAY 
076C 81 RTS WITH X STILL EQUAL TO ZERO 
* 
* DELAYS FOR BAUD RATE CALCULATION 
* 
* THIS TABLE MUST NOT BE PUT ON PAGE ZERO SINCE 
* THE ACCESSING MUST TAKE 6 CYCLES. 
* 
O76D 20 DELAYS FCB 32 300 BAUD 
O76E 08 FCB 8 1200 BAUD 
O76F O02 FCB 2 4800 BAUD 
O770 01 FCB 1 9600 BAUD 
* 
* RESET --- POWER ON RESET ROUTINE 
* 
* CHECK FOR CUSTOMER OR MONITOR MODE AND BRANCH 
* ACCORDINGLY. 
* 
0771 RESET 
0771 OF O1 03 BRSET 7,PORTB,MONIT 
0774 CC 05 B3 JMP CENTRY CUSTOMER PROGRAM ENTRY POINT 
O77] MONIT 
0777 A6 O08 LDA #%1000 SETUP PORT FOR SERIAL IO 
0779 B7 02 STA PUT SET OUTPUT TO MARK LEVEL 
O077B B7 06 STA PUT+DDR SET DDR TO HAVE ONE OUTPUT 
O77D B6 02 LDA PUT 
O77F 83 SWI GO TO MONITOR ROUTINE 
0780 20 EF BRA RESET LOOP AROUND 


* 
* 

KKK KKK KKK KKK KKH KKK KKK KKK RR KE KKK IKKE KKK IKE EERE KKK 
* 

* 68 0 5 5S FoF PT ES T 


14 





PAGE 009 MONIT 


0782 


0782 


0782 
0782 
0782 
0782 


00 


00 
00 
00 
00 


00 


3F 
20 
aC 
7D 


~-P4:1 


+e £e * FF Ht eH eH FH He HH HF FH HF HH HF HF HH HF HH HF HF HE HH HK HF FF HF FH HF KF HF HF HF KH 


PAG 
* 


* 
* 


ANY 
* 


RAMSUB 
LOC 
STACKA 


STACKX 
* 


* 


GENERAL: 


SELFTEST PERFORMS THE FOLLOWING TESTS: 


PORTC -- TEST PORTC FOR GOOD INPUT 
1/O -- PORT A AND B FOR INPUT AND OUTPUT 

RAM --— WALKING BIT MEMORY TEST 

ROM -- EXCLUSIVE OR WITH ODD 1'S PARITY RESULT 
INTERRUPT -- INT AND TIMER INTERRUPTS 


PORTC TEST IS DONE ONLY ONCE JUST AFTER RESET. THE OTHERS 
ARE REPEATED AS LONG AS NO ERRORS ARE FOUND. 


THE TEST STATUS IS AVAILABLE ON PORTC. AFTER THE PORTC 
TEST, PORTC IS USED AS AN OUTPUT TO INDICATE WHICH TEST IS 
RUNNING. IF ANY TEST FAILS, THE OUTPUT LINES REMAIN 
STABLE AND THE LOWER 2 BITS OF PORTC INDICATE THE TEST 
THAT FAILED (ASSUMING PORTC WORKS!). SINCE THERE ARE ONLY 
4 'CHECKPOINTS' IN THE MAIN LOOP, IT IS NOT POSSIBLE TO 
ALWAYS DETERMINE EXACTLY WHAT IS WRONG WITH THE PART. 
HERE ARE THE PROBABLE ERRORS IF THE TEST HAS STOPPED: 


Bl BO PROBLEM 


0 INTERRUPT FAILURE 
1 BAD PORTA OR PORTB 
0 BAD RAM 

1 BAD ROM 


rFrHOO 


THE TIME REQUIRED FOR ONE CYCLE OF THE PROGRAM IS 
APPROXIMATELY 800 MILLISECONDS. AFTER EACH TEST, PORTC IS 
INCREMENTED. THEREFORE, BIT 1 SHOULD APPEAR TO OSCILLATE 


WITH A PERIOD OF ABOUT 800OMS. il MAY OBE DIFP ERICULT TO 
DISCERN THIS SINCE THE DUTY CYCLE ON BIT 1 IS NOT ANYWHERE 
NEAR A SQUARE WAVE. BIT 2 AND BIT 3 WILL HOWEVER HAVE 


SQUARE WAVE OUTPUTS. BIT 2'S PERIOD WILL BE TWICE AS LONG 
AS BIT 1, AND BIT 3 SHOULD BLINK AT ABOUT 0.3HZ. 


THROUGHOUT THIS PROGRAM, IT MAY SEEM THAT THE PROGRAMMERS 
HAVE GONE OUT OF THEIR WAY TO USE STRANGE INSTRUCTIONS AND 
UNUSUAL TECHNIQUES. THIS IS TRUE. THE PURPOSE OF ALL 


THIS IS TO 1) REDUCE THE PROGRAM SIZE AS MUCH AS POSSIBLE 
AND 2) TO EXECUTE A BROAD RANGE OF INSTRUCTION TYPES AND 


ADDRESSING MODES. 


EQUATES 

EQU 0 RANDOM BIT IN A BYTE 

EQU $3F START OF BUILT SUBROUTINE 
EQU $20 USED IN INTERRUPT TEST 

EQU STC A WHEN STACKED BY INTERRUPT 
EQU $7D X THE SAME 
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0782 ORG MEMS1IZ-116-8 
* 
* BEGIN OF SELF TEST 
* 
0784 9c START RSP RESET JUST IN CASE (AVOID STACK INIT PROBLEM) 
0785 33 02 COM PORTC SHOULD HAVE READ SFF 
0787 26 FE BNE * PORTC BAD ON INPUT 
* 
* COM SET PORTC TO ZERO 
* 
0789 10 06 BSET ANY, PORTC+DDR AND PROGRAM DATA DIRECTION 
* : 
* MAIN LOOP (REPEATED) 
* 
O78B 3F 09 LOOP CLR TIMER+1 RESET TIMER INTERRUPTS 
* 
O78D 83 SWI PASSED FIRST TEST 
*& 
* INPUT/OUTPUT PORT TESTS 
* 
O78E AE Ol IOTST LDX #PORTB POINT TO PORTB FIRST 
0790 A6 FO TOTST2 LDA #SFO 
0792 AD 44 BSR TOSUB RETURNS WITH A=S54 
0794 AO BA ADC #SOF-S54-1 A IS SET TO SOF 
0796 AD 40 BSR TOSUB AGAIN WITH NYBBLES REVERSED 
0798 5A DECX 
0799 27 FS5 BEQ IOTST2 AGAIN FOR PORTA 
O79B 4F CLRA CLEAR A FOR NEXT TEST 
* 
079C 83 SWI PASSED I/O TEST 


RAM TEST 


ENTER WITH C=1, A=0. 


THIS TEST IS MODIFIED FROM THE ORIGINAL P2 RAM TEST. A 
NEW TEST IS NECESSARY BECAUSE THERE ARE 112 BYTES OF RAM 
ON THE P4. THE OLD RAM TEST WORKED BECAUSE THE TEST 
SEQUENCE WAS 9 BYTES LONG, AND THERE WERE 64 BYTES OF 
RAM. 64 MOD 9 IS 1, SO A SINGLE ROTATE WAS SUFFICIENT TO 
RESTORE THE SEED. 112 MOD 9 IS 4 WHICH REQUIRES 4 
ROTATES TO GET BACK TO THE INITIAL PATTERN. THIS 
EXCEEDES THE AVAILABLE ROM. 


THE NEW RAM TEST IS MUCH SIMPLER, BUT WILL TEST ALL THE 
BYTES. THIS CHANGE AFFECTS THE SUBSEQUENT TESTS SINCE 
THEY MUST NOW INITIALIZE THEIR OWN VARIABLES INSTEAD OF 
RELYING ON THE RAM TEST TO DO IT FOR THEM. 


RAM WILL BE ALL ZEROES AFTER THIS TEST. 


+ te ee + Fe He FF HF HF HF FH SF HF HF FH HF HF FF 


079D RAMTST 

079D AE 10 LDX #RAM 

O79F F7 RAM2 STA Xx CLEAR OUT A BYTE 

O7AO Fl RAM3 CMP rX COMPARE WITH ACCUMULATOR VALUE 
O7A1 26 FE BNE * MEMORY MISMATCH 

O7A3 4C INCA 

O7A4 7C INC 1X BUMP BOTH VALUES 
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O7A5 26 F9 BNE RAM3 
O7A7 5C INCX ADVANCE TO NEXT RAM BYTE 
O7A8 2A F5 BPL RAM2 CONTINUE TILL ALL TESTED 


+ + 


EXIT WITH A=0, X=S$80 


+ 


O7AA 83 SWI | PASSED RAM TEST 
* 
* ROM TEST 
* 
* FORCE A RESULT OF $FF (1'S PARITY). THE CHECKSUM HAS BEEN 
* CHOSEN TO FORCE THIS RESULT IF THE ROM ITSELF IS GOOD. 
* ADDRESS AND DATA LINES STUCK HIGH, LOW OR TO EACH OTHER 
* ARE DETECTED WITH HIGH PROBABILITY. 
* 
* FOR A DISCUSSION OF THE RELIABILITY OF THIS METHOD OF 
* TESTING THE ROM, SEE "MICROPROCESSOR BASED DESIGN" BY DR. 
* J. B. PEATMAN, PAGES 315-316. 
* 
* ENTER WITH A=S$00,X=$80,RAM=00 
* 

O7AB ROMTST 

O7AB BF 41 STX RAMSUB+2 

O7AD AE C8 LDX #SC8 =EOR EXTENDED 

O7AF BF 3F STX RAMSUB 

O7Bl AE 81 LDX #$81 =RTS 

07B3 BF 42 STX RAMSUB+3 

07B5 BD 3F SUM JSR RAMSUB 

O7B7 3C 41 INC RAMSUB+2 ADVANCE TO NEXT ADDRESS 

O7B9 22 FA BHI SUM 

O7BB 3C 40 INC RAMSUB+1 

O7BD 07 40 F5 BRCLR 3,RAMSUB+1,SUM LOOK FOR $8 IN RAMSUB+1 

07CO 43 COMA A SHOULD HAVE BEEN SFF, 

O7Cl 26 FE BNE * HANG HERE FOR BAD ROM 
* 

07C3 83 SWI PASSED ROM TEST 


INTERRUPTS TEST 


ENTER WITH: X=S81 
A=S00 
LOC=$80 


INTERRUPT TEST ALLOWS INTERRUPTS LONG ENOUGH TO GET ONE 
TIMER INTERRUPT AND ONE INT INTERRUPT. THE. INTERRUPT 
SERVICE ROUTINES SHIFT A BYTE IN MEMORY TO A KNOWN PATTERN 
WHICH IS CHECKED AFTER THE INTERRUPTS SHOULD HAVE OCCURED. 
FURTHER, THE A AND X REGISTER ARE COMPARED WITH WHAT WAS 
STACKED DURING THE INTERRUPTS. 


A TIMER INTERRUPT IS GUARANTEED PENDING BY ALLOWING ENOUGH 
TIME TO ELAPSE DURING THE OTHER TESTS TO UNDERFLOW THE 
COUNTER (EVEN WITH MAXIMUM PRE-SCALE). THE INT INTERRUPT 
IS ALSO GUARANTEED SINCE THE INT LINE IS TIED TO THE PORTA 
LINE WHICH WIGGLES UP AND DOWN DURING THE I/O TEST. 


+ Ft ee FF HF + HF HF FH HF EHF HF HF HF HF HK 


07C4 INTTST 
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O07C4 
07C6 
O7C7 
07C8 
O7CA 
O7CC 
O7CE 
07DO 
O7D2 


O7D5 


07D8 
O7DA 
O7DC 
O7DD 
O7DE 
O7EO 
O7EI1 
O73 


O7E4 
O7E6 


O7E? 
O7ES 
O7EB 


O7EC 
O7EF 


O7FO 
7 2 
O7F4 


Oe 


LE 
9A 
9B 
2€ 
BO 
26 
B3 
26 
OB 


DC 


E7 
Ao 
Be) 
El 
26 
48 
22 
81 


3C 
80 


iF 
aa 
80 


00 
9B 


07 
07 
OF 


20 


cg oF 
Tc 
FE 
7D 
FE 
20 


07 


04 
55 


EE 


F9 


02 


09 
20 


00 


By 


E9 
E4 


MONIT 


ED 


OA 


00 


+ + + FF F 


toe FF Fe FH 


LOSUB 


AGAIN 


CHKSUM 
* 


* 
* 


BSET TGC SET FLAG BIT IN LOC 
Cit ALLOW INT AND TIMER INTERRUPT _ 
SEI INTERRUPTS SHOULD BE DONE NOW 
BMC * I-BIT NOT WORKING 
SUB STACKA COMPARE A WITH STACKED VALUE 
BNE * INTERRUPT FAILED 
GPx STACKX ALSO CHECK X 
BNE * 
BRCLR 5,Loc,* BIT SHOULD SHIFT HERE 
END OF TESTS, DO IT AGAIN 
NOTE THE USE OF A 2-BYTE INDEXED JUMP WHICH FORCES A CARRY 
FROM THE LOWER BYTE IN COMPUTING THE JUMP ADDRESS. 
JMP LOOP-S$81,X DO IT AGAIN 
I/O TEST SUBROUTINE : 
ENTERED WITH X POINTING TO THE PORT 
TO TEST. A HAS THE DDR PATTERN TO USE. 
RETURNS WITH A=$54 AND Cel. — 
STA DDR,X SETUP DATA DIRECTION 
LDA #555 ALTERNATE 1'S AND O'S 
STA i SAVE IT AND SEE 
CMP 4 IF IT STAYS THERE 
BNE * BAD I/O PORT(S) 
LSLA SHIFT PATTERN TO SAA 
BMI AGAIN AND REPEAT TEST 
RTS : 
INTERRUPT ROUTINES 
SOFTWARE INTERRUPT IS RESPONSIBLE FOR ADVANCING THE VALUE fers 
STORED IN PORTC. 
INC PORTC ADVANCE TO NEXT TEST 
RTI AND EXIT 
INT AND TIMER INTERRUPTS 
SHIFT LOC ONE PLACE TO THE RIGHT. 
BCLR 7,TIMER+1 HANDLE INTERRUPT 
ASR LO0c SHIFT FLAG AROUND 
RTI 
as" 
FCB 0,0,0 SPARE BYTES 
FCB SOB ROM CHECKSUM (ODD 1'S PARITY) 
SELFTEST ALTERNATE INTERRUPT VECTORS 
FDB TIMEUP 
FDB INTR 
FDB SOFT 
al 
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O7 84 FDB 
* 
END RESET WAZU 
INTERRUPT VECTORS 


ORG MEMSTZ-8 START OF VECTORS 


FDB $56C CUSTOMER "TIMER INTERRUPT 

FDB S5B3 CUSTOMER. INT VECTOR 

FDB MAIN SWI TO MAIN ENTRY POINT OF MONITOR 
PDB RESET POWER ON VECTOR 





Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising 


out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others. 
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